Lymphoproliferative responses of tonsillar tissue lymphocytes and peripheral blood lymphocytes to phytohemagglutinin and specific bacterial product antigens were studied in children undergoing tonsillectomy and adenoidectomy. Tonsillar tissue lymphocytes responded to optimal concentrations of phytohemagglutinin, Varidase, and streptolysin-O in a manner similar to peripheral blood lymphocytes. Higher base-line mitogenic activity in tonsillar lymphocytes was frequently associated with the presence of Staphylococcus aureus in the tonsils. Tonsillar tissue lymphocytes from 23% of the subjects with the highest base-line mitogenic activity manifested a decreased response to in vitro stimulation with mitogens or antigens. In subjects with such preactivated tonsillar lymphocytes, the proliferative responsiveness of blood lymphocytes to mitogen and antigens was markedly increased after tonsillectomy and adenoidectomy. These observations suggest the existence of in vitro correlates of cellular immunity to bacterial products in the mucosal surfaces. In addition, it is proposed that tonsils may possess immunosuppressive activity for peripheral blood lymphocytes, which may be related to local tonsillar infections.
Recently, the in vitro correlates of cell-mediated immunity to viral antigens have been demonstrated in human tonsillar tissue lymphocytes (TTL) and peripheral blood lymphocytes (PBL) (6, 8) . It has been suggested that human TTL respond differently from PBL to purified protein derivative and mitogens (17) . Human PBL have been stimulated by oral bacterial antigens, and increased responses have been observed in subjects with chronic oral infections such as gingivitis or periodontitis (11, 13) .
The present study was designed to determine the presence and degree of cell-mediated immune responses in TTL and PBL, using as stimulants phytohemagglutinin (PHA) and some ubiquitous bacterial products, employing the techniques of in vitro lymphoproliferation. In addition, we attempted to correlate the reactivity of TTL before in vitro mitogenic or antigenic stimulation with the constituents of preexisting tonsillar flora. The effect of tonsillectomy and adenoidectomy (T&A) on the lymphoproliferative responses of PBL was investigated and related to the proliferative activity of the unstimulated TTL.
MATERIALS AND METHODS Patient population. Forty-three patients undergoing T&A at the Children's Hospital of Buffalo were included in this study. Ten other patients who underwent other forms of surgery, such as repairs of inguinal or umbilical hernias or endoscopy under anesthesia, were included as controls. The indications for tonsillectomy were: recurrent suppurative tonsillitis, recurrent cervical lymphadenopathy, or increased incidence of upper respiratory tract infections. The average age was 10.4 years, with a range of 6 to 20 years. The study population consisted of 19 females and 24 males. All patients were clinically well at the time the lymphocyte function was studied.
Bacterial cultures. Both tonsils were swabbed and cultured before surgery. After T&A, the excised tonsils were washed vigorously in sterile normal saline, and the washings were cultured. The tonsils were cut and minced, and a sample of the minced tonsils was also cultured. The relative concentration of different groups of bacteria recovered in each specimen was evaluated.
Detection of Epstein-Barr virus infection. The detection of Epstein-Barr virus nuclear antigen in lymphocytes, antibodies to this antigen in plasma, and antibodies to viral capsid antigen of Epstein-Barr virus were determined as described previously (4, 14) .
Lymphocyte cultures. Serum and heparinized blood specimens were collected immediately before and 1 month after tonsillectomy. Lymphocytes were separated from the blood and from minced tonsils by Ficoll-Hypaque fractionation (1) To determine the nature of the cell type involved in the in vitro lymphoproliferative responses, the ERF and non-ERF cells from PBL and TTL were tested separately after in vitro stimulation. The fractionation of the T-cell-rich (ERF lymphocytes) and non-ERF lymphocyte population was performed as described previously (2) . Briefly, the whole blood or tonsillar cell specimens of the subjects were cultured in presence of PHA and labeled with ['H]thymidine. After 24 h, the cultures were harvested and subjected to Ficoll-Hypaque fractionation. The lymphocyte-rich fractions were collected and mixed with sheep erythrocytes to form E-rosettes with T-lymphocytes and non-ERF lymphocytes using another Ficoll-Hypaque fractionation. The erythrocytes in each fraction were lysed by treatment with acetic acid, and the [3H]thymidine uptake in different lymphocyte fractions was determined by scintillation counting.
Mitogens and antigens. The lymphocytes were stimulated by the following mitogens and antigens: purified PHA (Wellcome Research Laboratories, Beckenham, England), in concentrations of 0.8 and 8 pg/ml; streptolysin 0 (SLO; Difco Laboratories, Detroit, Mich.), in a concentration of 0.5 minimum hemolytic units per ml; and Varidase (preservative free, kindly supplied by Lederle Laboratories, Pearl River, N.Y.), used in a dilution containing 1,000 U of streptokinase per ml. Purified tetanus toxoid (kindly supplied by the Biologic Laboratories of the Department of Public Health, Boston, Mass.) was used in a dilution that contained 1.1 Lf/ml. Staphylococcal filtrates were prepared from Staphylococcus aureus strains isolated from tonsils and kept on nutrient agar slants. The bacteria were grown overnight in brain heart broth in 5% C02 at 370C. The bacterial suspensions were centrifuged, and the supernatant was filtered through a 0.45-pm Millex filter (Millipore Corp., Bedford, Mass.).
Lymphocyte stimulation. The in vitro lymphocyte transformation was assessed using a micromethod, as follows. The antigens were introduced in a 0.02-ml volume into the wells of ultraviolet-sterilized, U-bottomed Cooke microtiter plates (Cooke Laboratory Products, Alexandria, Va.), followed by 0.2 ml of the cell suspension. The plates were sealed and incubated for 4 days in 5% CO2 at 370C. Subsequently, the cells were labeled with [8H]thymidine, 10 ,uCi/ml, in RPMI 1640. The cell cultures were harvested 20 h later using a multiple automated sample harvester (MASH, model U; Microbiological Associates, Bethesda, Md.), and the paper disks containing cells were processed for determination of radioactivity. Each sample was run in triplicate. The stimulation index was defined as the ratio of the mean counts per minute (CPM) of the stimulated lymphocytes divided by the mean CPM of unstimulated lymphocytes. For the sake of the present studies, a stimulation index of 3 or higher with the antigens and 10 or higher with PHA was considered as evidence of in vitro lymphocyte stimulation. The 8 CPM was expressed as the net difference of CPM observed between the stimulated and unstimulated cultures.
To explore the role of TTL on the proliferative response of PBL, samples of TTL were preincubated with either mitomycin C (40 tLg/ml for 30 min), concanavalin A (10 jig/ml for 24 h), or culture medium alone. The preincubated TTL were then cocultured with PBL of the same subjects and stimulated with PHA at a concentration of 0.8 jig/ml of the culture (5, 15) . RESULTS ERF cells. The T-lymphocytes in peripheral blood as evidenced by E-rosette formation were found to constitute 53 ± 10% of PBL just before T&A and 68 ± 12% PBL 1 month after T&A. Similar numbers of ERF cells were observed in the 10 other surgical control (non-T&A) ageand sex-matched subjects tested simultaneously. The T-lymphocytes in tonsillar tissue collected at the T&A comprised approximately 23 ± 20% of TTL.
Base-line activity. The CPM in the absence of any mitogenic or antigenic stimulation in all PBL specimens tested was found to be below 3,000 and frequently below 1,000, and the geometric mean CPM in PBL was about 964. The unstimulated CPM in TTL ranged between 300 to 30,000, and the geometric mean CPM was 2,136. Ten (23%) of the 43 subjects studied were found to have exceptionally high base-line proliferative activity in the absence of any induced stimulation. The individual CPM in the TTL of these subjects ranged from 3,000 to 30,000, with a mean value of about 5,000. For the sake of further discussion, the TTL whose base-line proliferative CPM was above the geometric mean were termed preactivated tonsillar lymphocytes (PTL). Sixty-six percent of these subjects were found to harbor S. aureus in the tonsils, whereas only 30% of other subjects whose TTL base-line CPM was below the geometric mean exhibited staphylococcal colonization in the tonsils ( (Table 3) . Similar results were observed when the CPM after stimulation with Varidase and streptokinase was related to the levels of base-line CPM in different tonsillar tissues and PBL studied. As shown in Table 3 , little or no increase in CPM was observed in the PBL or TTL after mitogenic or antigenic stimulation in subjects with base-line CPM of 5,000 or more. The 8 CPM of stimulated PBL and TTL varied widely in different individuals; there was some degree of correlation, however, between the values in PBL and TTL belonging to the same individuals. The degree of this correlation and its nature seemed to depend on the mitogen or antigen employed for stimulation.
Differential response by T-and B-lymphocytes. The response of PHA stimulation was deficient in the T-cell-depleted population of PBL and TTL, but the T-cell-rich population exhibited marked proliferative responses (Table  4) . Similarly, the SLO response was most conspicuous in the T-cell-rich population, and little or no SLO-specific proliferative activity was observed in T-cell-depleted PBL or TTL ( Table  4) .
Effect of T&A on proliferative activity of PBL. In the subjects whose tonsils did not manifest any PTL activity, the lymphoproliferative responses in peripheral blood were essentially similar before and after T&A (Table 5 ). On the other hand, the subjects who had high unstimulated (5,000 CPM) proliferative activity in tonsils evidenced a marked increase in the proliferative response to PHA, Varidase, SLO, and tetanus toxoid in the peripheral blood lymphocytes after T&A, as compared to the responses observed before T&A (Table 5) .
Similar studies carried out in non-T&A sub- (Table 6 ). The suppressor effect of TTL was masked to a large extent by preincubation with mitomycin C before coculturing with PBL (Table 6) . DISCUSSION It has been previously suggested that the spontaneous lymphoproliferative activity of TTL is much higher than observed in corresponding PBL (10) . However, the mechanism underlying this phenomenon was not explored in further detail. In the present study it was shown that TTL with high unstimulated lym- phoproliferative activity were frequently associated with S. aureus infection in the tonsils. S. aureus has been shown to induce lymphoproliferative activity in in vitro settings (18) . It produces strong soluble mitogens (18), carries cellbound antigens such as protein A, which seem to be specific B-cell stimulators in humans (3), and contains antigens such as teichoic acid which significantly stimulate lymphoproliferation in presensitized lymphocytes (9) . In view of the frequent occurrence of staphylococcal colonization in the nasopharynx, these data suggest that frequent infection with Staphylococcus may be a potent stimulus for mucosal cell-mediated immune response in in vivo settings. Stimulation of human lymphocytes by bacteria is supported by the observation that patients with septic bacterial infections have higher than normal spontaneous blast transformation in PBL (19) . Epstein-Barr virus infection is also well known to induce lymphoproliferation in vivo and in vitro (20) . However, in the present study we could not demonstrate any obvious It was observed that the threshold of TTL for PHA responsiveness was higher than the threshold of PBL. The reactivated tonsillar lymphocytes with unstimulated activity of over 5,000 CPM conspicuously failed to respond to in vitro stimulation with PHA and bacterial products. Similar observations have been made in patients with viral and bacterial pneumonias, and some of the patients have been found to be hyporesponsive to stimulation with PHA or Varidase (7). In addition, supernatants from inflammatory peritoneal macrophages have been shown in mice to increase or decrease thymocyte deoxyribonucleic acid synthesis provoked by PHA (21) . These observations suggest that continuous background stimulation of TTL may increase their unstimulated proliferative activity while decreasing their sensitivity to other additional mitogenic or antigenic challenge, especially those with high PTL activity. In some of the subjects studied, T&A was followed by increased 8 CPM responses in the PBL. This phenomenon (antigen-induced suppression) may be due to stimulation of suppressor T-cells and/or competition in the processing of antigens by macrophages (12) . It is well documented that bacterial stimulants of the immune system may also act, under different conditions, as immunodepressants (16) . The observations reported here suggest that the activation of suppressor cells in the TTL may be the mechanism underlying the hyporesponsiveness of PBL to antigenic or mitogenic stimulation.
In the present study, subjects with high PTL activity had an increased response of PBL to mitogenic and (even more significantly) to antigenic stimuli after T&A. The increased response subsequent to T&A may be a rebound phenomenon related to a decrease in antigenic competition by a reduction in circulating mitogens or antigens, or by a reduction in lymphocytic suppressors that may be liberated from infected tonsils and adenoids.
As a rule, TTL failed to respond to tetanus toxoid but often responded to the streptococcal products, whereas the corresponding PBL usually responded to all bacterial products. This observation supports the local nature of cellmediated immunity. Antigens administered parenterally appear to sensitize PBL but do not significantly sensitize lymphocytes at mucosal surfaces. On the other hand, antigens such as Varidase and SLO, available locally at the mucosal surface, produce local as well as systemic sensitization. Similar observations were made in our laboratory with mucosal cell-mediated immune responses to rubella vaccination (8) .
